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SUMMARY 

A t  the request  of t h e  Bureau of Aeronautics, Navy Department, an 
inves t iga t ion  of t h e  low-speed, power-off s t a b i l i t y  and c o n t r o l  charac- 

ter is t ics  of a I - scale model o f  t h e  McDonnell XF3H-l a i r p l a n e  has been 

made i n  the Langley f r e e - f l i g h t  t unne l .  F l i g h t  t e s t s  of t h e  model i n  
t h e  clean and i n  t h e  slats-and-flaps-extended condi t ions were made over 
a l i f t - c o e f f i c i e n t  range from about 0.5 through t h e  s t a l l .  Only low- 
a l t i t u d e  conditions w e r e  simulated and no attempt w a s  made t o  determine 
t h e  e f f e c t  on t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  of f r e e i n g  t h e  con t ro l s .  
S t a t i c  f o r c e  tes ts  were made t o  determine t h e  s t a t i c  l ong i tud ina l  and 
l a t e r a l  s t a b i l i t y  de r iva t ives  and r o t a r y  fo rce  tes t s  w e r e  made t o  
determine t h e  dynamic r o l l i n g  de r iva t ives .  Calculat ions were a l s o  made 
t o  determine t h e  damping of  the l a t e r a l  o s c i l l a t i o n  f o r  c o r r e l a t i o n  wi th  
t h e  f l i g h t  r e s u l t s .  

10 

The long i tud ina l  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  model w e r e  satis-  
f ac to ry  f o r  a l l  conditions except near t h e  s t a l l  where a nosing-up 
tendency w a s  encountered. The nosing-up tendency could be con t ro l l ed  by 
t h e  e l eva to r .  The s t a l l  was gent le  ayd w a s  cha rac t e r i zed  by t h e  model 
s e t t l i n g  t o  t h e  f l o o r  of t h e  t e s t  s e c t i o n  with only  s m a l l . r o l l i n g ,  yawing, 
sr p i t c h i n g  motions and with l a t e r a l  c o n t r o l  beir;g n a i n t a k e d  a t  all 
times. The l a t e r a l  s t a b i l i t y  c h a r a c t e r i s t i c s  were genera l ly  s a t i s f a c t o r y  
f o r  a l l  conditions tes ted and t h e  yawing and r o l l i n g  motions appeared 
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t o  be well-damped. The lateral cont ro ls  of t h e  model were somewhat 
w e a k  but w e r e  considered t o  be adequate. 

Analysis of force t e s t  data and s t a b i l i t y  ca lcu la t ions  i n d i c a t e  
t h a t  the  a i r p l a n e  w i l l  have somewhat b e t t e r  l a te ra l  s t a b i l i t y  and con- 
t r o l  c h a r a c t e r i s t i c s  than the model and a less severe pitching-up 
tendency a t  t h e  s ta l l .  S t a b i l i t y  ca lcu la t ions  ind ica t e ,  however, t h a t  
t h e  dynamic l a t e r a l  s t a b i l i t y  of t h e  a i r p l a n e  a t  a l t i t u d e  w i l l  be  worse 
than t h a t  indicated i n  t h e  model f l i g h t  tests which covered only low- 
a l t i t u d e  conditions.  

INTiWDUCT I O N  

An i n v e s t i g a t i o n  t o  determine t h e  low-speed, dynamic s t a b i l i t y  

c h a r a c t e r i s t i c s  of a A - s c a l e  model of  t h e  McDonnell XF3H-1 a i rp lane  

has been made i n  t h e  Langley f r ee - f l i gh t  tunnel  at t h e  request of  t h e  
Bureau of  Aeronautics, Navy Department. The XF3H-1 a i r p l a n e  i s  a jet- 
propel led a i r p l a n e  having 45O sweptback wings and t a i l  surfaces .  
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F l i g h t  tests of t h e  model t o  determine t h e  dynamic s t a b i l i t y  
c h a r a c t e r i s t i c s  were made over a l i f t - c o e f f i c i e n t  range from about 0.5 
t o  the  s t a l l .  Only low-alt i tude conditions were simulated.  S t a t i c  
fo rce  t e s t s  were made t o  determine t h e  s t a t i c  longi tudina l  and l a t e r a l  
s t a b i l i t y  c h a r a c t e r i s t i c s  and ro ta ry  fo rce  tests w e r e  made t o  determine 
t h e  dynamic r o l l i n g  der ivat ives .  The model w a s  t e s t e d  i n  t h e  clean and 
i n  t h e  flaps-and-slats-extended condi t ions.  The model w a s  a l s o  t e s t e d  
with only t h e  s l a t s  extended i n  order t o  increase t h e  maximum lift and 
thereby extend the  l i n e a r  range of  t h e  s t a b i l i t y  der iva t ives  s o  t h a t  
t h i s  condi t ion might more closely represent  t h e  f u l l - s c a l e  a i r p l a n e  i n  
t h e  clean condition. Comparison i s  made between low Reynolds number 
force  t e s t  r e s u l t s  from t h e  f r e e - f l i g h t  tunnel  and r e s u l t s  of  higher 
Reynolds number force t e s t s  conducted a t  t he  Guggenheim Aeronautical 
Laboratory, Cal i forn ia  I n s t i t u t e  of Technology ( G A K I T )  i n  order  t o  
permit a more accurate  i n t e r p r e t a t i o n  of t h e  f r e e - f l i g h t - t u n n e l  tes t  
results i n  terms of  t h e  fu l l - s ca l e  a i rp lane .  
determine t h e  d w i n g  of the  l a t e r a l  o s c i l l a t i o n  f o r  t h e  model and t h e  
a i rp lane  a t  sea l e v e l  f o r  cor re la t ion  with t h e  r e s u l t s  of t h e  model 
f l i g h t  tests.  

Calculat ions were made t o  

SYMBOLS 

All f o r c e  and moment neasurements were obtained with respec t  t o  
t h e  s t a b i l i t y  axes. A sketch showing t h e  p o s i t i v e  d i r e c t i o n s  of t he  
forces ,  moments, and angles i s  given i n  figure 1. 
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weight, pounds 

wing' area,  square fee t  

mean aerodynamic chord (M.A.C . ) ,  feet 

w i n g  span, feet  

ve loc i ty ,  f e e t  per  second 

dynamic pressure,  pounds p e r  square foo t  

m a s s  dens i ty  o f  a i r ,  s lugs  p e r  cubic foo t  

wing loading, pounds pe r  square foo t  

mass, s lugs  

r e l a t i v e  d e n s i t y  f a c t o r  (m/pSb) 

angle  of a t t a c k  o f  fuselage c e n t e r  l i n e ,  degrees 

angle  of yaw, radians 

angle  of s i d e s l i p  ( - J I  

lift coe f f i c i en t  ( Lift/qS) 

drag c o e f f i c i e n t  ( Drag/qS) 

p i t ch ing  -moment co ef  f i c i ent  ( P i t  ching moment /qSF) 

yawing-moment coe f f i c i en t  ( Yawing moment/qSb ) 

rolling-moment coef f ic ien t  ( Rol l ing  moment/qSb ) 

l a t  era 1- fo rce  coe f f i c i en t  ( L a t  era1 fo rce  /qS ) 

t a i l  incidence wi th  respect  t o  fuse lage  cen te r  l i n e  [ p o s i t i v e  

i n  f o r c e  t es t s ) ,  rad ians  

with leading edge u p ) ,  degrees 

e l eva to r  de f l ec t ion ,  degrees 

a i l e r o n  de f l ec t ion ,  degrees 

C = 3 p e r  radian 
ylj ap 
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CnP = - &l p e r  radian 
a P  

& 2  
2~ = ap  
- p e r  radian C 

- Pb 
2v 

ro l l ing-angular  -ve loc ity f a c t o r  
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P r o l l i n g  angular veloc i ty ,  radians per  second 

rb 
2v 

r yawing angular veloci ty ,  radians per second 

yawing-angular-velocity f a c t o r  - 

kX radius  of  w a t i o n  abolh long i tud ina l  bo rn  axis, f e e t  
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comparison w a s  equipped wi th  combinations of t h e  P11, P30, and P3 s t a l l  

vanes. The spanwise locat ions of these vanes are ind ica t ed  i n  table I 
and t h e  shapes are shown i n  reference 3. 
t h e  P30 md P11  vane configurations are i d e n t i c a l  and should produce 
comparable results.  The i n l e t  ducts  on t h e  side o f  t h e  
fuselage w e r e  sealed and unfaired f o r  a l l  t h e  f r ee - f l i gh t - tunne l  tests.  

For a l l  p r a c t i c a l  purposes, 

(See table I. ) 

The a i l e r o n ,  spo i l e r ,  rudder, and e l e v a t o r  c o n t r o l  surfaces  w e r e  
deflected by  f l i cke r - type  mechanisms which gave e i t h e r  fu l l -on  o r  full- 
off con t ro l .  

The a i l e r o n s  and s p o i l e r s  of t h e  model could be used e i t h e r  inde- 
pendently or i n  combination f o r  l a te ra l  control .  The s la ts-extended 
configurat ion w a s  obtained by replacing t h e  removable leading edge o f  
t h e  wing w i t h  a leading edge incorporating a s la t .  The condition wi th  
f l a p s  extended w a s  obtained by replacing t h e  wing t r a i l i n g  edge w i t h  a 
flapped t r a i l i n g  edge. 

DETERMINATION OF STABILITY DERIVATIVES 

OF FLIGHT-TEST MODEL 

Force Tests  

The s t a t i c  longi tudinal  and l a t e r a l  s t a b i l i t y  and c o n t r o l  charac- 
t e r i s t i c s  o f  t h e  model w e r e  determined from fo rce  t e s t s  made over an 
angle-of-at tack range from 0' through t h e  s t a l l .  
i s t i c s  were determined from measurements of  fo rce  and moment c o e f f i c i e n t s  
a t  k 5 O  yaw. 
p e r  square f o o t  which corresponds t o  an airspeed o f  approximately 
40 miles p e r  hour a t  standard sea - l eve l  conditions and t o  a t e s t  Reynolds 
number o f  457,000 based on the mean aerodynamic chord of 1 .22  feet .  
forces  and moments f o r  t h e  model are r e f e r r e d  t o  a c e n t e r  of g r a v i t y  
located a t  30 percent of t h e  mean aerodynamic chord a t  a d i s t ance  
24 percent of t h e  mean aerodynamic chord above t h e  bottom of t h e  fuse- 
lage  unless otherwise indicated.  

The l a t e r a l  character-  

All fo rce  tes t s  were made a t  a dynamic pressure of 4 . 1  pounds 

A l l  

The r e s u l t s  o f  t h e  f r ee - f l i gh t - tunne l  fo rce  tests are shown i n  
f igu res  4 t o  8. 
(Reynolds number o f  2,180,000) obtained f o r  a 0.15-scale model a t  GALCIT. 
These d a t a  were taken from reference 3 .  The GALCIT d a t a  are r e f e r r e d  
t o  a center-of-gravi ty  p o s i t i o n  of 30 percent of t h e  mean aerodynamic 
chord so  t h a t  a d i r e c t  comparison of t h e  two sets  of data w a s  possible .  

Also presented f o r  comparison a r e  higher  s c a l e  da t a  
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Longitudinal s t a b i l i t y  and control .  - The r e s u l t s  presented i n  f i g -  
ure 4 show t h a t  t h e  l i f t - cu rve  slopes of t h e  two models i n  t h e  clean 
condition w e r e  i n  good agreement a t  low l i f t  c o e f f i c i e n t s  but t h a t  t h e  
f r e e - f l i g h t - t u n n e l  model s t a l l e d  a t  a much lower l i f t  coe f f i c i en t .  
From a comparison of pitching-moment curves it appears that t h e  longi- 
t u d i n a l  s t a b i l i t y  cha rac t e r i s t i c s  of t h e  two models w e r e  general ly  
s i m i l a r  over the l i f t - c o e f f i c i e n t  range. The slats w e r e  extended t o  
increase t h e  maximum l i f t  of the f r e e - f l i g h t - t u n n e l  model t o  a value 
more n e a r l y  representa t ive  o f  the l a r g e r  s c a l e  model i n  an e f f o r t  t o  
provide a c l o s e r  cor re la t ion  of t h e  free-fl ight-tunnel-model r e s u l t s  
with those f o r  t h e  f u l l - s c a l e  a i rplane.  With t h e  slats extended t h e  
m a x i m u m  l i f t  coe f f i c i en t  was increased over t h a t  of t h e  GALCIT model i n  
t h e  clean condi t ion and t h e  longi tudinal  s t a b i l i t y  compared f a i r l y  wel l  
i n  the  lower l i f t - c o e f f i c i e n t  range. With t h e  slats extended, however, 
t he re  w a s  a r a t h e r  severe unstable break i n  t h e  pitching-moment curve 
p r i o r  t o  t h e  s t a l l .  

A comparison of the  longi tudinal  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  
Since two models w i th  slats and f laps  extended are shown i n  f igu re  5 .  

GALCIT longi tudina l  data  f o r  the slats-and-flaps-extended condition 
with t h e  f i n a l  s t a l l - v a n e  configuration (P11) were not  a v a i l a b l e  f o r  
compzrison wi th  t h e  f ree- f l igh t - tunnel  da ta ,  GALCIT da ta  f o r  t h e  P3Pll- 

vane configurat ion are presented. Results of some prel iminary t e s t s  of 
t h e  f ree- f l igh t - tunnel  model with the  P3P11- and P11-vane configurations 
showed, however, t h a t  these  t w o  configurat ions had pitching-moment Curves 
of  about t h e  same shape. 
t h e  slats-and-flaps-extended condition t h e  two models had the  same lift- 
curve s l o p e  and s t a t i c  longi tudinal  s t a b i l i t y  over most of t h e  lift- 
c o e f f i c i e n t  range but the  f ree- f l igh t - tunnel  model had a lower m a x i m u m  
lift c o e f f i c i e n t  and a n  earlier and sharper  unstable break i n  t h e  
pitching-moment curve near t he  s t a l l .  

The data presented i n  f i g u r e  5 show t h a t  i n  

Lateral s t a b i l i t y  and control.-  The d a t a  presented i n  f igu re  6 show 
that t h e  der iva t ives  C z B ,  Cnp, and C f o r  t h e  f r e e - f l i g h t - t u n n e l  

model i n  the clean condi t ion are i n  fa i r ly  good agreement with t h e  GALCIT 
results except f o r  the earlier break i n  the curves f o r  t h e  f r e e - f l i g h t -  
tunnel  model caused by t h e  lower maximum l i f t  c o e f f i c i e n t .  
m a x i m u m  lift coe f f i c i en t  was increased by extending t h e  slats,  t h e  values 
of 
obtained f o r  t he  GALCIT model. For  C 1  however, extending the  Slats 

gave b e t t e r  agreement with t h e  GALCIT value of 
break i n  t h e  GALCIT curve and beyond t h i s  point  

la rge  values .  The d a t a  f o r  the slats-and-flaps-extended condition 
( f i g .  7)  show excel lent  agreemmt between t h e  l a t e r a l  der iva t ives  of 
t h e  two models except f o r  the  e a r l i e r  break i n  t h e  f r e e - f l i g h t - t u n n e l  
model da ta  caused by t h e  lower m a x i m u m  l i f t  coe f f i c i en t .  

% 

When the  

were increased and were i n  b e t t e r  agreement with t h e  values CnP 
P'  

C ~ P  only up t o  t h e  
increased t o  very 93 
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The c h a r a c t e r i s t i c s  of t he  a i l e rons  and s p o i l e r s  determined from 
fo rce  tests are presented i n  f igures  8 (a )  and 8(b) f o r  t h e  clean and 
t h e  slats-and-flaps-extended conditions,  respec t ive ly .  A comparison 
wi th  GALCIT data shows that t h e  r o l l i n g  moments were genera l ly  lower 
f o r  t he  free-flight tunnel  model bu t  t h a t  t h e  two models had about t h e  
same adverse yawing moments f o r  a l l  c o n t r o l  configurat ions.  P a r t  of 
t h e  loss  o f  r o l l i n g  moment on t h e  f r ee - f l i gh t - tunne l  model can probably 
be a t t r i b u t e d  t o  t h e  l a rge  leading-edge a i l e ron  gap which w a s  not sca led  
from t h e  a i rp lane .  I n  t h e  clean configurat ion t h e  d i f f e rence  i n  r o l l i n g  
moments between t h e  two models decreased as t h e  angle  of a t t a c k  increased; 
whereas i n  t h e  slats-and-flaps-extended configurat ion t h e  d i f fe rence  
increased a t  the  higher l i f t  coe f f i c i en t s .  
when used wi th  t h e  a i l e rons  produced only  small add i t iona l  r o l l i n g  
moments and had a s l i g h t  e f f e c t  on t h e  yawing-moment c h a r a c t e r i s t i c s .  

The s p o i l e r s  of both models 

Rotary Tests 

The r e s u l t s  of r o t a r y  tests made t o  determine t h e  r o l l i n g  der iva-  
t i v e s  Cyp, Cnp, and C l p  f o r  t h e  f r ee - f l i gh t - tunne l  model i n  t h e  

slats extended and t h e  slats -and-flaps-extended configurat ions through 
an angle-of-attack range of Oo t o  25O a r e  presented i n  f i g u r e  9. The 
r o t a r y  tests were made a t  a dynamic pressure  of 5.5 pounds p e r  square 
foot  which corresponds t o  a t e s t  Reynolds number of  approximately 531,000 
based on a mean aerodynamic chord of 1.22 f e e t .  

The r e s u l t s  of f i gu re  9 show t h a t  t h e  damping i n  r o l l  C w a s  
IP 

approximately constant up t o  an angle  of a t t a c k  of about l 5 O  f o r  both 
configurat ions.  Above an angle of a t t a c k  of 15' t h e  damping f o r  t h e  
slats-and-flaps-extended condition decreased r a p i d l y  u n t i l  t h e  model 
became uns tab le .  
t i o n  was more gradual but t h e  model s t i l l  became s l i g h t l y  uns tab le  a t  
t h e  maximum l i f t  coe f f i c i en t .  The yawing-moment-due-to-rolling param- 
eter Cnp was  genera l ly  adverse and approximately of t h e  same magni- 

tude f o r  b o t h  conditions up t o  about an angle  of a t t a c k  of 15'. Above 
t h i s  angle of  a t t a c k  t h e  yawing moment became mole adverse f o r  t h e  model 
i n  the  slats-and-flaps-extended condi t ion but  s l i g h t l y  favorable  f o r  
t h e  s la ts-extended condi t ion.  

The decrease i n  damping f o r  t h e  s la ts-extended condi- 

FLIGHT TESTS 

F l igh t  tests of t h e  model were made over a l i f t - c o e f f i c i e n t  range 
from about 0 .5  through t h e  s t a l l  f o r  both t h e  clean and s la ts-extended 
condi t ions.  The center  of g rav i ty  was located a t  0.22 mean aerodynamic 
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chord f o r  t h e  model t e s t s  of t h e  clean condition and var ied  between 0.20 
and 0.27 mean aerodynamic chord f o r  t he  s la ts-extended condi t ion.  The 
f l i g h t  t e s t s  with t h e  s l a t s  and f l aps  extended were made over a lift- 
c o e f f i c i e n t  range from about 0.7 through t h e  s t a l l  wi th  center -of -gravi ty  
loca t ions  from 0.21 t o  0.30 mean aerodynamic chord. 
tes ts  t o  determine t h e  longi tudinal  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  
model were made over t h e  center-of -grav i ty  ranges indicated;  whereas 
t h e  lateral  s t a b i l i t y  cha rac t e r i s t i c s  w e r e  determined with t h e  center  
of g rav i ty  loca ted  i n  t h e  most forward pos i t i on .  In  a l l  cases t h e  wing 
loading w a s  somewhat less than the scaled-down a i rp l ane  values in  order  
t o  minimize damage t o  the  model i n  crashes.  

I n  general ,  f l i g h t  

Lateral cont ro l  w a s  obtained during t h e  f l ight tests by d e f l e c t i n g  
t h e  a i le rons  alone o r  i n  conjunction wi th  t h e  spo i l e r s  which were 
extended f u l l  up with the  upward-deflected a i l e ron .  
of these  con t ro l s  were s tud ied  with and without coordinated rudder 
cont ro l .  

The c h a r a c t e r i s t i c s  

CALCULATIONS 

Calculat ions t o  determine the per iod  and t h e  time t o  damp t o  one- 
ha l f  amplitude of t h e  l a t e r a l  o s c i l l a t i o n  of both t h e  model and t h e  a i r -  
plane were made by t h e  method of re ference  4. Eesul ts  were obtained f o r  
t h e  model i n  t h e  s la ts-extended and i n  t h e  slats-and-flaps-extended 
conditions and f o r  t h e  a i rp lane  in t h e  clean and slats-and-flaps-extecded 
condi t ions.  

The aerodynamic and mass cha rac t e r i s t i c s  used i n  t h e  ca lcu la t ions  
are presented i n  t a b l e  11. The values of CL,  C n p ,  C z g ,  and f o r  

t h e  model were obtained €rom force t e s t s ,  and t h e  values f o r  t h e  a i r -  
plane w e r e  obtained from reference 3. The values of Cy,, Cn,, and C l r  

f o r  t he  model and t h e  a i rp lane  were estimated from references 5 t o  7. 
The values o f  C Cn , and 

obtained from t h e  data of f igu re  9. 
f o r  bo th  t h e  model and a i rp lane  w e r e  

c l P  YP’ P 

FESULTS AND DISCUSSION 

I n t e r p r e t a t i o n  of F l i g h t  -Tes t  Results 

I n  i n t e r p r e t i n g  t h e  r e s u l t s  o f  t h e  model f l i g h t  tests i n  terms of 
t h e  f u l l - s c a l e  a i rp l ane  it i s  necessary t o  consider  t h e  d i f fe rences  
between t h e  aerodynamic and scaled-up mass c h a r a c t e r i s t i c s  of t h e  model 
and those of t he  a i rp lane .  If these aerodynamic and mass c h a r a c t e r i s t i c s  



are t h e  same f o r  t h e  a i rp l ane  as those o f  t h e  model, t h e  a i r p l a n e  would 
be expected t o  exh ib i t  dynamic c h a r a c t e r i s t i c s  similar t o  those of t h e  
f r ee - f l i gh t - tunne l  model. 

It can be seen from table I t h a t  t h e  scaled-up weight of t h e  model 
i s  less than t h e  weight of t h e  a i rp l ane  bu t  t h a t  t h e  moments of i n e r t i a  
of t h e  scaled-up model are somewhat higher than those of t h e  a i rp l ane .  
The ne t  resu l t  of t h e s e  two effects  w i l l  probably be t o  m a k e  t h e  model 
r e s u l t s  conservative from t h e  standpoint of dynamic la teral  s t a b i l i t y .  

I n  t h i s  i nves t iga t ion  i t  has been shown t h a t  t h e  s t a t i c  s t a b i l i t y  
c h a r a c t e r i s t i c s  of t h e  low-scale, f r ee - f l i gh t - tunne l  model are i n  f a i r l y  
good agreement wi th  t h e  r e s u l t s  of the higher-scale  tes ts  i f  it is  
considered that  t h e  m a x i m u m  l i f t  c o e f f i c i e n t  of t h e  model is  less than 
t h a t  of t h e  a i rp l ane ,  and, therefore,  t h a t  t h e  v a r i a t i o n  o f  the model 
de r iva t ives  with l i f t  coe f f i c i en t  w i l l  depa r t  from l i n e a r i t y  a t  lower 
lift c o e f f i c i e n t s  than those o f  t he  airplane.  
c h a r a c t e r i s t i c s  of t h e  model i n  the clean condi t ion should, because of 
i t s  aerodynamic similarity t o  the  higher-scale  model, be f a i r ly  represent-  
a t ive  o f  the dynamic longi tudinal  and la te ra l  s t a b i l i t y  o f  t h e  airplane. 
A s  has been pointed out previously, by extending t h e  s l a t  it was  poss ib l e  
t o  inc rease  t h e  l i f t  range over which t h e  model would represent  t h e  
la te ra l  s t a b i l i t y  c h a r a c t e r i s t i c s  of  t h e  a i r p l a n e  i n  the clean condition. 
Although t h e  values of C z p  
t han  those f o r  t h e  l a rge r - sca l e  G A U I T  model i n  t h e  clean condition, t h e  
s la ts-extended condition w a s  thought t o  be of interest  t o  f l i g h t  t e s t  
s i n c e  it might be considered t o  represent t h e  maximum values o f  

t h a t  t he  a i r p l a n e  could have i n  the clean condition. 
and l a t e ra l  s t a b i l i t y  c h a r a c t e r i s t i c s  of' t h e  model wi th  s la ts  and f l a p s  
extended should be f a i r l y  representat ive of t h e  a i r p l a n e  i n  t h a t  condi- 
t i o n  except f o r  g r e a t e r  longi tudinal  i n s t a b i l i t y  near t h e  s t a l l  and t h e  
l o s s  i n  maximum l i f t  caused by the  l o w  s c a l e  of t h e  tests.  

The dynamic s t a b i l i t y  

f o r  t h e  s la ts-extended condi t ion w e r e  greater 

c Q  
The long i tud ina l  

It should be pointed out t ha t  t h e  f u l l - s c a l e  a i r p l a n e  should be 
e a s i e r  t o  f l y  than t h e  model because i t s  angular v e l o c i t i e s  are about ,  
one-third as fast as those  of t h e  model. The l a t e r a l  c o n t r o l  of t h e  
a i rp l ane  should a l s o  be b e t t e r  because t h e  model ro l l i ng  i n e r t i a  w a s  
higher and t h e  a i l e r o n  effectiveness w a s  lower than those  expected f o r  
t h e  a i rp l ane .  

Clean Condition 

The long i tud ina l  s t a b i l i t y  o f ' t h e  model i n  the clean condi t ion w a s  
s a t i s f a c t o r y  up t o  a l i f t  coe f f i c i en t  of about 0.6 wi th  t h e  cen te r  of 
g r a v i t y  located a t  approximately 0.22 mean aerodynamic chord, A t  higher 
l i f t  c o e f f i c i e n t s  the  model appeared t o  have about n e u t r a l  l ong i tud ina l  
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s t a b i l i t y  and developed a s l i g h t  pitching-up tendency p r i o r  t o  t h e  s t a l l  

of 0.22 mean aerodynamic chord ( f i g .  10) ind ica tes  t h a t  t h e  model d id  
not  a c t u a l l y  become unstable .  The s t a l l  w a s  gen t l e  and w a s  charac te r ized  
by t h e  model s e t t l i n g  t o  the  f loor  of t h e  tunne l  with only s m a l l  r o l l i n g  
o r  yawing motions and with l a t e r a l  con t ro l  being Ja in ta ined  a t  a l l  times. 
This longi tudina l  i n s t a b i l i t y  experienced near t h e  s t a l l  appeared t o  be  

* somewhat worse f o r  t h e  present model than t h a t  experienced by t h e  
McDonnell XF-88 model with s t a l l  c o n t r o l  vanes ( r e fe rence  8) ,  although 
t h e  degree o f  s t a t i c  s t a b i l i t y  as shown by t h e  pitching-moment curves 
w a s  about t h e  same f o r  both models. Although f l i g h t s  were not made 
wi th  a center-of-gravi ty  posi t ion rearward of 0.22 mean aerodynamic 
chord a rearward s h i f t  of t h e  center  of g r a v i t y t o  0.30 mean aerodynamic 
chord would increase t h e  i n s t a b i l i t y  of t h e  model a t  high lift coe f f i c i en t s .  
It i s  expected t h a t  t h e  r e su l t i ng  p i tch ing  motion would be considered 
objec t ionable  by t h e  p i l o t  >L>, on t h e  basis of  t h e  s la ts-extended 
f l i g h t  tests,  which a r e  discussed i n  a l a t e r  sec t ion ,  it would probably 
s t i l l  be con t ro l l ab le  by t h e  elevator .  

although t h e  pitching-moment curve f o r  a center-of-gravi ty  pos i t i on  ! 

i 
i 1 

F l i g h t  tests showed t h a t  the lateral  s t a b i l i t y  c h a r a c t e r i s t i c s  of 
t h e  model w e r e  s a t i s f a c t o r y  over t h e  l i f t  range t e s t e d .  
i n  s t a t i c  d i r e c t i o n a l  s t a b i l i t y  a t  t h e  high l i f t  c o e f f i c i e n t s  ( s e e  f i g .  6 )  
d i d  not appear t o  a f f e c t  the  f l i g h t  c h a r a c t e r i s t i c s .  
r o l l i n g  motions following a disturbance were well-damped. 

The decrease 

The yawing and 

The response of t h e  model t o  l a t e r a l  con t ro l  w a s  s a t i s f a c t o r y  but  
t h e  controls  were somewhat weaker than those  of t h e  McDonnell XF-88 
model ( r e fe rence  8) .  The control c h a r a c t e r i s t i c s  obtained from t h e  
model f l i g h t  t e s t s  should be considered conservative,  however, s ince  
t h e  r o l l i n g  moment produced by the  a i l e rons  is l e s s  than t h a t  of t he  
higher-scale  GALCIT model ( f i g .  8 ( a ) )  and t h e  scaled-up r o l l i n g  i n e r t i a  
of  t h e  f r ee - f l i gh t - tunne l  model is greated than t h a t  of t h e  a i rp lane .  
Using the  s p o i l e r  i n  conjunction wi th  t h e  a i l e r o n  had no appreciable  
e f fec t  on t h e  cont ro l  cha rac t e r i s t i c s .  

Slats-Extended Condition 

The longi tudina l  and l a t e r a l  s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s  
as wel l  as t h e  behavior a t  t h e  s t a l l  wi th  slats extended were genera l ly  
t h e  same as those f o r  t h e  clean condi t ion when the  model was flown wi th  
center -of -gravi ty  locat ions as f a r  rearward as 0.27 roean aerodynamic 
chord. 
moment curve ( f i g .  10) was more severe than t h a t  exhib i ted  i n  t h e  clean 
condition wi th  comparable center-of-gravi ty  loca t ions ,  bu t  t h e  motion 
could s t i l l  be  cont ro l led  with t h e  e leva tor .  'This uns tab le  condi t ion 
d id  n o t  extend throlrgh t h e  s t a l l  and t h e  model could be trimmed t o  f l y  
a t  l i f t  coe f f i c i en t s  j u s t  below t h e  s t a l l  where t h e  pitching-moment 

The pitching-up motion associated with the  break i n  t h e  p i tch ing-  
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curve w a s  again s t ab le .  Although t h e  m a x i m  rearward pos i t i on  of t h e  
center  of g r a v i t y  invest igated during f l i g h t  t e s t s  w a s  0.27 mean aero- 
d y n d c . c h o r d ,  it appears from f i g u r e  4 t h a t  .the break i n  t h e  pi tching-  
moment curve f o r  t he  f r ee - f l i gh t  model with s la t s  extended wi th  the  
center  of g r a v i t y  a t  this pos i t ion  would s t i l l  be  worse than that f o r  
t h e  higher-scale  model i n  t h e  clean condi t ion with t h e  c e n t e r  of g rav i ty  
located as f a r  rearward as 0.30 mean aerodynamic chord. 
r e s u l t s  should be  conservative when used as a b a s i s  f o r  evaluat ing t h e  
f l i g h t  behavior of t h e  airplane.  

Thus the model 

caused by extending t h e  s la t s  had 
c113 

The l a rge  increase i n  

su rp r i s ing ly  l i t t l e  e f f ec t  on t h e  f l y i n g  c h a r a c t e r i s t i c s  of t h e  model. 
Although t h e  model i n  t h e  clean condi t ion had values as low as might be 
expected of t h e  a i rp lane  and the model i n  t h e  s la ts-extended condition 
had values of  C z  

appreciable  e f f e c t s  of t hese  large changes i n  C were noted on t h e  

dynamic la teral  s t a b i l i t y  cha rac t e r i s t i c s  of t h e  model. It appears, 
therefore ,  t h a t  an accurate estimation of i s  not  necessary for  

evaluat ing t h e  l a t e r a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  a i rp l ane  i n  t h e  
clean condition. 

as high as might be  expected of  t h e  a i rp lane ,  no P 
18 

C 2  P 

Calculated values of  t h e  damping of t h e  la te ra l  o s c i l l a t i o n  ( f i g .  11) 
f o r  t h e  model i n  t h e  slats-extended condi t ion a r e  i n  q u a l i t a t i v e  agree- 
ment with t h e  f l i g h t  tests i n  t ha t  they  show s a t i s f a c t o r y  damping of 
t h e  o s c i l l a t o r y  mode. 
i s t i c s  f o r  t h e  model as flown with s la ts  extended and f o r  t h e  a i rp lane  
i n  t h e  c lean  condition a t  sea level i nd ica t e  t h a t  t h e  model f l i g h t  
r e s u l t s  are probably s l i g h t l y  conservative.  Also presented i n  f igu re  11 
a r e  the  r e s u l t s  of ca lcu la t ion  f o r  t he  a i rp l ane  which were taken from 
reference 9 and show t h e  effects  of  a l t i t u d e  on t h e  damping. 
these  ca lcu la t ions  a r e  not d i r e c t l y  comparable with t h e  ca lcu la t ions  of 
t h e  present  inves t iga t ion ,  they a r e  of interest  s ince  they  show t h e  
e f f e c t  of increasing a l t i t u d e  on t h e  damping c h a r a c t e r i s t i c s .  These 
r e s u l t s  show that the  dynamic l a t e r a l  s t a b i l i t y  a t  a l t i t u d e  would be 
worse than that noted i n  t h e  model f l i g h t  tes ts  which covered only low- 
a l t i t u d e  conditions.  

A comparison of t h e  ca lcu la ted  damping character-  

Although 

S l a t s  -and-Flaps -Extended Condition 

F l igh t s  of t h e  model i n  the slats-and-flaps-extended condi t ion with 
t h e  center  of  g rav i ty  located between 0.21 and 0 .30  mean aerodynamic 
chorc? showed t h a t  t he  longi tudinal  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  
model were approximately the  same as those  f o r  t h e  clean condi t ion,  with 
s a t i s f a c t o r y  s t a b i l i t y  through the lower l i f t  range and a pitching-up 
tendency a t  t h e  higher lift coe f f i c i en t s .  The pitching-up tendency 
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became more severe as t h e  center  of g r a v i t y  was moved rearward from 
0.21 t o  0.30 mean aerodynamic chord, but  t h e  lrotion could s t i l l  be con- 
t r o l l e d  by t h e  e leva tor .  
ence i n  t h e  behavior o f  t h e  model i n  t h e  slats-and-flaps-extended con- 
d i t i o n  when compared with t h e  behavior of t h e  model i n  t h e  clean and 
s la ts-extended conditions.  The s t a l l  w a s  s t i l l  considered t o  be mild 
but  t he  r o l l i n g  and yawing motions were s l i g h t l y  g r e a t e r  than  i n  t h e  
clean condition. 
t h e  f l o o r  of t he  tunnel  with l a t e r a l  cont ro l  being maintained at a l l  
times. 

A t  the  s t a l l  t h e r e  w a s  l i t t l e  apparent differ-  

The s t a l l  was charac te r ized  by t h e  model s e t t l i n g  t o  

F l i g h t  t e s t s  showed that t h e  l a t e r a l  s t a b i l i t y  c h a r a c t e r i s t i c s  
were s a t i s f a c t o r y  over t h e  l i f t  range t e s t e d  even though the  ca l cu la t ions  
( f i g .  11) indicated unsa t i s fac tory  damping of  t h e  l a t e r a l  o s c i l l a t i o n  
of t h e  model. The calculat ions a l s o  show a marked d i f fe rence  i n  t h e  
damping between t h e  slats-extended condi t ion and t h e  s la ts-and-f laps-  
extended conditions which w a s  not shown by t h e  model f l i g h t  t e s t s .  
The reason f o r  t h e  discrepancies between the f l i g h t  tests and calcula-  
t i o n s  is not  known. 

The la teral  c o n t r o l  cha rac t e r i s t i c s  were considered t o  be about 
t h e  same as f o r  t h e  clean condition. The cont ro l  w a s  adequate but w a s  
weaker than  t h a t  of the  McDonnell XF-88 model i n  t h e  flaps-down condi- 
t i o n  ( r e fe rence  8 ) .  
i s t i c s  as determined from t h e  model t e s t s  a r e  considered t o  be conser- 
va t ive  because o f  t h e  lower a i l e ron  ef fec t iveness  and higher  i n e r t i a  
of t h e  model. 

As previously pointed out t h e  con t ro l  charac te r -  

CONCLUSIONS 

The following conclusions were drawn from t h e  r e s u l t s  o f  t h e  f r ee -  

f l i g h t - t u n n e l  s t a b i l i t y  and cont ro l  i nves t iga t ion  of a A - s c a l e  model 

of t he  McDonnell XF3H-1 a i rplane.  F l igh t  t e s t s  were made over a l i f t -  
coe f f i c i en t  range from about 0.5 through t h e  s t a l l .  Only low-al t i tude 
conditions were simulated and no attempt w a s  made t o  determine t h e  
e f fec t  on t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  of  f ree ing  t h e  cont ro ls .  

10 

1. The longi tudina l  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  model were 
s a t i s f a c t o r y  f o r  a l l  conditions except near  t h e  s t a l l  where a nosing- 
up tendency w a s  encountered. The nosing-up tendency could be  cont ro l led  
with t h e  e leva tor .  

2 .  The la teral  s t a b i l i t y  cha rac t e r i s t i c s  were genera l ly  s a t i s f a c t o r y  
f o r  a l l  conditions and t h e  yawing and r o i l i n g  motions were well-damped. 
Lateral c o n t r o l  was considered t o  be adequate. 
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3.  The s t a l l  w a s  gent le  fo r  a l l  conditions and w a s  character ized 
by the  model s e t t l i n g  t o  t h e  f loo r  with only small pi tching,  r o l l i n g ,  
and yawing motions and with l e t e r a l  c o n t r o l  being maintained a t  a l l  
times . 

4. Analysis of  force  t e s t  da ta  and s t a b i l i t y  ca lcu la t ions  ind ica t e  
t h a t  the a i rp lane  w i l l  have somewhat b e t t e r  lateral  s t a b i l i t y  and 
cont ro l  c h a r a c t e r i s t i c s  than the model and a less severe pitching-up 
tendency a t  t h e  s t a l l .  S t a b i l i t y  ca lcu la t ions  ind ica t e ,  however, t h a t  
t h e  dynamic l a t e r a l  s t a b i l i t y  of  t h e  a i r p l a n e  a t  a l t i t u d e  w i l l  be  worse 
than t h a t  indicated i n  the  model f l i g h t  t e s t s  which covered only low- 
a l t i t u d e  conditions.  
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' Scaled-up model va lues  

Configurat ion 

Clean with 
Clean slats Landing 

Character is t lCS 

.. 

Weight. I b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14. 650 14. 850 15. 200 

Re la t ive  dens i ty  f ac to r .  (I/&) . . . . . . . . . . . . . . . . . . . . . . .  13.10 13.25 13.60 

1,. s lug - f t2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16. 439 17. 300 17. 2m 
Iyr  slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82. 000 64. 200 81. 800 
I.. s lug - f tp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93. 500 32. 130 92. 600 

Wi-g loading. :bs/sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  35.3 35.8 30.6 

Koment o f  i n e r t i a '  

16 

fill s c a l e  

Configurat ion 

Clean Landing 

. 

17. 593 16. 969 

15.71 15.16 

12. 078 13. 279 
48. 654 49. 603 
56.702 57. 628 

42.5 41.0 

... *>ng: 
i i r f o i l  s ec t ion  . . . . . . . . . . . . .  
Span. :'i . . . . . . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . .  
J lhed ra l .  de& (mean l i n e )  . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . .  
Irean aerodynamic chord. f t  . . . . . . . .  
Location of l ead ing  edge I.A.C. behind 

leading edge of roo t  chord. ft . . . .  
Root chord ( p a r a l l e l  to chord l i n e ) .  f t  
Tip chord ( p a r a l l e l  t O  chord l i n e ) .  ft . 
Distance from nose t o  lea&ing edge 

>.rea, s q  ft . . . . . . . . . . . . . .  
Sweepback. : !4. deg . . . . . . . . . .  

Of root  chord. f t  . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M A  0009-64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  415 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.37 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.66 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.83 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.9 

P 

Aileron:  
Aren (one a i l e r o n ) .  percent  wing area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.06 
Span (one a i l e r o n ) .  percent  wing span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16.1 
Hinge locat ion.  percent  chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.78 

Ver t i ca i  t a l l :  
Area ( f m m  t op  of fuselage.. 
Span (from t op  of fuselage ' .  
Aspect r a t i o  . . . . . . . .  
Sweepback. =I&. deg . . . .  
Teper r e t i o  . . . . . . . .  
Y ~ e n  aerodynamic chord . <t . 
- a i l  length (from 3; p e x e n t  

to 25 percent  v . / i . r . t a i l ) ,  

s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
ft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.12 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.89 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c.50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.37 

it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.8 
. W i n g  

Horizontal  t a i l :  
.tree. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.4 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 
Sweepback, c /4 ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.61 

t o  3 percent  M . A . c . ~ ~ ~ I ) ,  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24.6 

Chord, constant ,  ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.616 
Span, percent  o f  vi% span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chord, percent  of wing chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Span, percent  of wing span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Deflect ion,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

T a i l  leogth (from 30 percent  W.A.C.ying 

Leading-edge slat: 

100 

Trai l ing-edge f l a p  ( s l o t t e d ) :  

a s p o i l e m :  

Span, percent  o f  wing span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: - : e igb t , i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.6 

P l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  811.2 
P ~ O  ( a i r p l a n e  only! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83.5 

Height, in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.30  
Lacation, percent  of  wing chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

22.4 

S t a l l  vanes: 

Location, percent  of wing semispan 

'3 ( a i rp l ane  only '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 

aPmjected a r e a  reduced apgroximmately 40 percent  by pe r fo ra t i cns  . 
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Figure 1.- The stability system of axes. Arrows indicate positive 
directions of moments, forces, and control-surface deflections. 
This system of axes is defined as an orthogonal system having 
the origin at the center of gravity and in which the Z-axis is 
in the plane of symmetry and perpendicular to the relative wind, 
the X-axis is in the plane of symmetry and perpendicular to the 
Z-axis, and the Y-axis is perpendicular to the plane of symmetry. 
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Figure 4.- Comparison of the longitudinal stability characteristics of 
the free-flight-tunnel and GALCIT models in the clean condition and 
the free-flight-tunnel model in the slats extended condition. All 
conditions with &e = Oo, flaps retracted and with Pl1-etall-vane 
configuration. 



Figure 5.- Comparison of the longitudinal stability characteristics of 
the free-flight-tunnel model and GALCIT model in the flaps-and-slats- 
extended condition with 6, = Oo. 
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(a) Clean and slats-extended conditions. 

Figure 8.- Rolling and yawing characteristics of ailerons and spoilers 
of the free-flight-tunnel model and GALCIT models. 6,r = -300; 

= 30'; left spoiler retracted for all tests. 

co-IAL 



. 

NACA RM SL5U12 

0 

-03 

95 

04 

03 

02 
cl 

0 

Source of data 

0- - FF’T 
GPLCIT 

- - ---GAi,CIT 
_- 

0 8 16 24 
a 2 deq 

(b) Flaps and slats extended. 
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gure 11.- Comparison of the calculated damping and period charac- 
teristics of the McDonnell XF3H-l airplane with the U. S. Air 
Force and Navy flying-qualities specifications. 
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